embryonic fibroblasts (Lund et al., 1987) . In addition, TGF-P has been reported to have regulatory functions which counteract or modulate EGF responses (Keski-Oja et al., 1987; Sporn et al., 1987) . Since these growth factors are potentially able to control the PA system with regard to its possible function in invasive growth of tumour cells we investigated the regulation of u-PA, t-PA and PAI secretion by EGF, TGF-a and TGF-,B in malignant human lung carcinomas. Human lung tumours can be divided into non small cell lung carcinomas (NSCLC) and small cell lung carcinomas (SCLC) by their different clinical and physiological characteristics. The majority of NSCLC are squamous carcinomas, adenocarcinomas and large cell carcinomas. We used several human NSCLC cell lines which were of squamous cell origin (EPLC-65H, and of large cell origin (LCLC-103H, LCLC-97TM1, U-1810) . Some of these cell lines have previously been shown to produce and secrete components of the PA system, activators as well as inactivators, in different combinations and amounts (Heidtmann et al., 1989) . The cell lines have been described to express receptors for EGF (Haeder et al., 1988) which also bind TGF-a. For stimulation experiments, the cells were cultivated in the presence of EGF, TGF-a, TGF-1 or combinations of these factors as indicated in Figures 1 and 2 . In addition we treated the cells with PMA which was shown to stimulate their synthesis of PA components (Heidtmann et al., 1989) . Secreted PA products were detected and resolved by their molecular mass using fibrin autography (GranelliPiperno & Reich, 1978, Figure 1 ). Briefly, after separation of serum-free conditioned media in 8% SDS-gels, SDS was replaced by a non-ionic detergent, and proteins were allowed to diffuse into an indicator gel of 1% agarose, containing plasminogen and fibrin. Presence of PA-activity causes lysis zones in the detection gel. Overall PA activity was determined by a chromogenic assay (Figure 2 ).
According to the secretion of u-PA, t-PA and the formation of PAI-complexes and alterations in their concentrations as a result of growth factor treatment, several principal patterns of PA constituents could be distinguished in the cell lines studied. All cell lines were able to produce u-PA. As judged from the intensity of the u-PA bands, growth factors influenced its activity only marginally or not at all. As an exception, cell line EPLC-65H which produced u-PA, t-PA and PAI at the detection limit showed marked u-PA secretion only after stimulation by growth factors or PMA. Significant effects of growth factors were observed in the secretion of t-PA and the formation of PAI-complexes. Cell lines EPLC-65H, EPLC-272H, U-1810 were able to produce t-PA and PAI. In these cell lines, t-PA secretion was either enhanced by EGF, TGF-a, PMA (EPLC-65H), or t-PA was already expressed endogenously with no apparent further increase under the influence of these agents (EPLC-272H and U-1810). Treatment with TGF-P alone or in combination with the other factors resulted in weaker expression of the t-PA band. On the other hand, TGF-P stimulated the formation of PAI-complexes as demonstrated for cell lines EPLC-272H and U-1810. The reduced amount of free t-PA under the influence of TGF-P may be due to two different mechanisms: either decreased secretion of t-PA as in cell line EPLC 65H, where the disappearance of t-PA is not accompanied by increased strength in PAI-complexes, or by complex formation of t-PA with additionally secreted PAI leading to stronger PAI-complex bands as in cell lines EPLC-272H and U-1810. The induction of PAI-complex bands in cell lines U-1752 and LCLC 103H under EGF, TGF-a and PMA, which was even more enhanced in the presence of TGF-P, indicates an increased turnover of PA, even though no t-PA bands appear, and u-PA bands are apparently not decreased in strength. Further, the total PA activity ( Figure 2 ) is not decreased either but, in cell line LCLC-103H, appears to be increased in the presence of TGF-P instead. Thus it is conceivable, that in these cell lines under TGF-13, PA secretion is induced, but balanced by PAI. The induction of PA may either affect t-PA, which is then completely scavenged by PAI, or u-PA, which is then balanced to different degrees by concomitantly increased PAI. The cell lines differed in their PAI-complexes with regard to the band position and intensity in zymography after treatment with the respective factors. The microheterogeneity of upper and lower PAIcomplex bands after TGF-P treatment, as observed with cell line EPLC-272H, may be caused by a different glycosylation of PAI. Although the nature of the PAI responsible for complexing could not be defined in these experiments, we presume that the cell lines predominantly produce PAI-I since EPLC-65H and LCLC-103H were earlier found to synthesise PAI-1, and LCLC-103H additionally PAI-2 in small amounts (Heidtmann et al., 1989) .
The quantitative assessment of total PA activity ( Figure 2 ) did not in all cases parallel the impressions gained from the fibrin autographies. It must be kept in mind that fibrin autography is, of course, a semiquantitative device. Thus, the over 3-fold increase in total PA activity in U-1752 under (2), EGF/TGF-P (3), TGF-x (4), TGF-m/TGF-P (5), PMA (6), PMA/TGF-P(7) and TGF-P(8). Growth factors and PMA were applied in concentrations assessed to be optimal in dose/response experiments using the chromogenic assay as described in Figure 2 : PMA (5 x 10-9 M), EGF and TGF-a (25 ng ml-'), TGF-P (1Ong ml-'). PMA Figure 1 . Untreated cell cultures (1), treatment with EGF (2), EGF/TGF-P(3), TGF-a (4), TGF-a/TGF-P (5), PMA (6), PMA/TGF-P(7), TGF-P(8).
The chromogenic assay was a modification of the assay supplied by Kabi PMA (lane 6) is not directly evident from the respective u-PA band in Figure 1 . In cell line EPLC-103H, the addition of TGF-P together with EGF, TGF-a or PMA led to increased total PA activity in spite of stronger inhibitor bands, indicating that a complementary increase in PA, either u-PA or t-PA, must have taken place. Thus, the action of TGF-P appears to involve the whole system and not only the inhibitory branch. We suggest that growth factors EGF, TGF-a and TGF-P modulate secretion of t-PA and PAI in these cell lines which are able to produce both PA's and PAI. Cell lines U-1752 and LCLC-103H are characterised by a deficiency in the production of t-PA. No significant effects of growth factors could be observed with these cell lines. In case of cell line LCLC-103H it seemed as if TGF-P even enhanced PA activity. These results support our notion that growth factors EGF, TGF-x and TGF-P primarily affect regulation of t-PA and PAI in a combined fashion. The mechanism underlying this regulation needs to be elucidated. LCLC-97TM1 cells, deficient in the production of PAI, showed no modulation of u-PA and t-PA secretion by the growth factors. The patterns of the PA system and its regulation could not be correlated to the histological typing or grading of the original tumours which were squamous cell and large cell carcinomas of various degree of differentiation (Bepler et al., 1988; Bergh et al., 1981; Bergh et al., 1985) . In a previous study we had characterised a panel of NSCLC cell lines, comprising five of the cell lines used here, for their in vitro differentiation capacity and had found that PMA enhances the expression of several cellular differentiation markers (Salge et al., 1990) . EGF does not elicit all the responses seen under PMA, however, similar patterns of response of the PA system in these cell lines suggest that the induction of the PA system in NSCLC concurs with states of enhanced cellular differentiation.
In summary we presume that the expression of a complex pattern of PA and PAI, modified by EGF/TGF-a and TGF-P, may represent a general feature of NSCLC. Thus, the cells have an intricate and finely tuned set of tools for controlled proteolysis in their extracellular environment which includes mechanisms like fibrinolysis, tissue remodeling and facilitation of cell migration. Impairments may occur where proteolytic activity prevails over inhibitory activity. This would entail disturbance of the inhibitory balance leading to uncontrolled proteolysis. We cannot decide at the moment whether the dysregulations shown here for the cell lines represent true features of NSCLC or are phenomena acquired in cell culture. In vivo investigations of fresh tumour tissue samples may be complicated by the presence of a variety of non-tumour cells producing proteinases, inhibitors and growth factors. Therefore, cell culture experiments concerning the regulation of the PA system appear to be indispensable.
